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Abstract 
The concentration and spatial distribution of total nitrogen (TN) and total phosphorus (TP), as well as variations in 
their levels, in land used for various activities were investigated, and the Kriging interpolation method was applied to 
describe the spatial distribution of TN and TP in urban soils in Beijing, China. The concentration of soil TP was 
higher in the middle of the city and lower in  the outsides of the city. However, the levels of soil TN had no definite 
spatial distribution pattern. The contents of TN and TP were compared in land used for different purposes, and the 
spatial distribution of TN and TP, as well as the impact of human activities on TN and TP contents, in urban soils 
were also analyzed. Our results demonstrated that the TN levels depend on the coverage of natural vegetation at each 
type of site, and the TP content is affected by the usage and disposal of phosphorus-containing materials at each type 
of site.  
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1. Introduction 
Urban soil refer to soil that is distributed in a city area and could be seriously influenced by human 
activities [1-3], e.g., dramatically altered during various stages of construction, destruction, and 
reconstruction of buildings and infrastructure. Therefore, the characteristics of urban soils, including the 
levels of total nitrogen (TN) and total phosphorous (TP), can be significantly different than non-urban soil 
[4-7]. In addition, as part of the urban environment, urban soils play an important role in citizens’ daily 
life. Thus, the study of urban soils is of great significance. 
Nitrogen and phosphorus are the causes of eutrophication. Urban soil nitrogen and phosphorus can be 
desorbed from soils and run into the lakes and rivers in or around the city [8-10], and this transportation 
can have a serious influence on urban water quality [11, 12]. Furthermore, as major plant nutrients, the 
levels of TN and TP in urban soils have implications for urban plant growth and influence urban greening. 
Thus, research concentrated on TN and TP in urban areas is desired. 
Previous studies of nitrogen and phosphorous in urban soils mainly focus on the nitrogen cycle [13, 14] 
and the levels of nitrogen and phosphorous [3, 15-18]. For instance, Lorenz and Kandeler (2005) studied 
the urban soil profiles of nitrogen. However, research on the TN and TP distributions in soils at different 
types of urban sites has not been reported. 
As the political, economic, and cultural center of China, Beijing has rapidly developed and experienced 
complete urbanization during the past three decades. The population of Beijing is > 19 million, and its 
urban area has expanded nearly sevenfold during the past 30 years [19]. The intensity of public activity on 
various types of urban land is different, so we used Beijing as a representative case to study TN and TP 
levels in diverse types of urban land, the impact of their distribution in Beijing, and the effect of rapid 
urbanization on urban soil nutrients. In this study, TN and TP levels were determined in soils from six 
types of sites, including a residential area (RA), business area (BA), classical garden (CG), culture and 
education area (CEA), public green space (PGS), and roadside area (RSA). The levels of TN and TP in 
these soils were compared with levels in soils from Beijing suburbs and other cities around the world. 
Further, the factors that influence TN and TP levels in different types of land were studied, and the spatial 
distribution of TN and TP levels in urban soils in Beijing were also investigated. 
2. Materials and methods 
2.1. Study area 
Beijing, with its center located at 39.9N and 116.4E, located on the northern tip of the roughly 
triangular North China Plain, is the capital of China. Beijing is surrounded by mountains to its west, north, 
and northeast; the Bohai Sea is approximately 150 km southeast of Beijing. The city spans an area of > 
16,800 km2, 1040 km2 of which is occupied by the urban area situated in the south-central portion of the 
municipality and consists of six districts (Dongcheng, Xicheng, Haidian, Chaoyang, Shijingshan, and 
Fengtai) within 5th Ring Road. The urban population density of Beijing is ~15,752 people/km2. Beijing 
has a typical monsoon-inﬂuenced climate. In the summer, the weather is hot and humid due to the East 
Asian monsoon, and it is a cold, windy, dry city in the winter due to the vast Siberian anticyclone. The 
mean annual precipitation is ~600 mm, and the annual temperature is approximately 11.5°C. Beijing has 
experienced rapid economic development and urban construction over the past three decades. 
2.2. Sample collection  
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All of the urban sampling points are located on 5th Ring Road. Each type of area contained at least 
seven sampling sites, with each site having a land use type. All sampling sites were well distributed in the 
urban area of Beijing. A total of 127 topsoil samples (0–20 cm) were collected with a stainless steel 
shovel during April–May of 2008. A GPS unit was used to record the coordinates of the sample locations 
(Fig. 1). Eight samples were collected in BA, seven were collected in CG, nine were collected in CEA, 12 
were collected in PGS, and 12 were collected in RA. In RSA, 79 samples were collected at different 
distances from both sides of 10 roads, which are depicted with double lines in Fig. 1. Each road contained 
at least four sampling sites that were within 30 m of the road. To ensure that the samples were 
representative of each land type, the number of sub-samples was determined based on the area of the 
sampling sites. For RSA and BA, each sample was a mixture of five sub-samples taken from the four 
vertices and the center of a square block. For RA, each sample was a mixture of eight sub-samples 
distributed across the site. For PGS, CG, and CEA, each sample was a mixture of 10 sub-samples 
distributed on the site. All of the collected samples were stored in sealed manila packages to avoid 
contamination and immediately transported to the laboratory.  
2.3. Sample preparation and analysis  
Soil samples were dried in a shady place at room temperature, impurities (e.g., stones and leaves) were 
removed from, and the samples were then sieved to <1 mm by gently crushing aggregates without 
grinding sand-sized mineral fragments [20]. Next, a fraction of the samples were then ground to pass 
through a 100-mesh nylon sieve for TN and TP determination. TN was determined by the Semi-micro 
Kjeldahl method [21], and TP was determined by the NaOH melt-colorimetry method with molybdenum 
and antimony according to the National Standard (GB8937-88). Average recoveries for TN and TP were 
between 95.0 and 105.0% based on a matrix spike experiment. Deviation of the TN level among three 
parallel samples was within 0.003%, and that of the TP level among three parallel samples was within 
0.005%. The mean of each sample’s three parallel measurements was regarded as the final result. 
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Figure 1. Sampling sites and sampling lines in the urban area of Beijing. 
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2.4. Data analysis 
Statistics of soil TN and TP levels and their concentration in different types of sites, including 
minimum value, maximum value, median value, geometric mean, standard deviation, and coefficient of 
variation (CV), were calculated with EXCEL 2007 (Microsoft Inc., Redmond, USA) and SPSS v.16.0 
(SPSS Inc., Chicago, USA). Maps of TN and TP distributions in the urban soils of Beijing were drawn 
with SURFER v.8.0 (Golden Software Inc., Colorado, USA). 
3. Results and discussion 
3.1. TN and TP levels in Beijing 
Fig. 2 shows the histogram of log-transformed TN and TP data for the urban soils of Beijing, indicating 
that the distributions of TP and TN in these soils conforms to a lognormal distribution. The TP and TN 
levels in the urban soils of Beijing are presented in Table 1. 
The TN levels in the analyzed soils varied from 424.00 to 1764.00 mg/kg, with a geometric mean of 
743.00 mg/kg. Compared to other cities around the world, the level of TN in Beijing was lower than that 
of Stuttgart, Germany (1400 to 7200 mg/kg) and Shanghai (370 to 2260 mg/kg, with an average of 1120 
mg/kg) [17, 22]. The reasons why urban soils have lower levels of TN include the following points: the 
elimination of original soils, the importation of alien soils during various stages of construction, the 
exportation or burning of leaves, and denitrification by bacteria [13, 17, 23-25].  
 
 
 
 
 
 
 
Figure 2. Histogram of log-transformed TN and TP data.  
Table.1. Descriptive statistics of soil TN and TP. 
Item Minimum Maximum Median Geometric mean 
Standard 
deviation CV (%) 
TN (mg/kg) 424.00  1764.00  716.50  753.84  254.45  32.17  
TP (mg/kg) 452.00  2263.00  808.70  856.60 333.09  36.79  
 
The levels of TP in Beijing urban soils varied from 452.00 to 2263.00 mg/kg, with a geometric mean of 
856.60 mg/kg. In comparison to other cities in China, the average TP level in this study was higher than 
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that in Hong Kong (average = 6.00 mg/kg) but lower than in Urumqi (768.5 to 1956.36 mg/kg, with an 
average of 1243.19 mg/kg) [16, 18]. The main reason why TP levels in Beijing soils were higher than 
other cities may be the difference of human activities and population density between urban and rural 
areas. For instance, in urban areas, phosphorus-containing materials are widely used: Ca(H2PO4)2•H2O is 
a major component of food leavening agents, CaHPO4•2H2O is the main additive in pet food and 
toothpaste, PCl3 is used to make plastics, P4S10 and PCl3 are the raw materials of pesticides, Na5P3O10 is a 
major detergent component, and H3PO4 is used to manufacture phosphate fertilizer. All the 
aforementioned items are necessary for modern life and/or urban sanitation protection. In rural areas, the 
population density is lower, and the use of some phosphorus-containing materials (e.g., food leavening 
agents, detergent, pet food, and toothpaste) is also lower than in urban areas.  
3.2. Spatial distribution of TN and TP 
As shown in Fig. 3, great spatial heterogeneity of TN levels was observed. High concentrations existed 
northwest of the center of Beijing, especially within the 3rd Ring Road. TN levels were also relatively 
high in the northwest, southeast, and southern part of the study area. The lowest TN values were mainly 
found in the west, south, and east portions of Beijing. In general, as shown in Fig. 4, the TP concentration 
in Beijing displayed a decreasing trend form the center of the city to the suburbs. The highest levels 
existed in the center of Beijing, especially within the 3rd Ring Road. The TP concentration at hotspots 
was 2263 mg·kg-1, which is three times greater than the background level. In the suburbs, the TP values 
were relatively lower,  though still above background values. 
 
 
 
 
 
 
 
Figure 3. Maps of TN soil distribution in urban Beijing. 
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Figure 4. Maps of TP soil distribution in urban Beijing. 
 
3.3. Comparison of TN and TP levels at the six types of sites 
As shown in Fig. 5, TN levels in urban soils from various types of sampling sites followed the 
sequence: CEA > CG > PGS > RSA > RA > BA. The CEA is a location of study and education. There, 
enough greenery exists to prevent nitrogen loss, so TN levels in CEA soils was relatively high compared 
to the other types of sites. Six of seven CG samples were selected from classic parks where citizens enjoy 
nature and can rest. Similar to CEA, CG maintained a larger green area and an ecological cycle relatively 
distant from human activities. Thus, the natural vegetation prevents nitrogen loss [26]. In addition, when 
the level of nitrogen was too low to support plant growth, the park keepers fertilize the fields and import 
nitrogen into soils. In contrast to the CEA and CG, the other four types of sites suffered from more human 
activities. During the construction of the four types of sites, abundant alien soil was imported [13]; the 
high population and building density was another influencing factor for TN levels. Comparing these four 
sites, PGS maintained a relatively larger green area and had a relatively higher TN level than the others. In 
contrast, the percentage of vegetation in RA and BA was low, and there was not enough vegetation to 
maintain soil nitrogen. We inferred that only soils under natural vegetation (e.g., at parks, school gardens, 
and traffic greenbelts) contain relatively high levels of nitrogen. 
As shown in Fig. 5, TP contents among different sampling sites followed the sequence: CG > BA > 
RSA > RA > CEA > PGS. Although CG maintained a natural ecological cycle, the fertilization of plants 
and the maintenance of historic buildings imported phosphorus into CG soils, which likely caused the 
phosphorus accumulation in CG. In addition, BA was the study site with the highest urbanization level, 
and the sanitary protection of the BA area may have caused phosphorus accumulation. RA included 
human living space, where food leavening agents, detergent, pesticides, and plastic goods are necessary 
for living. Thus, phosphorus accumulated in the urban soils of RA. We inferred that the levels of TP are 
affected by the categories and quantities of phosphorus-containing materials that are used in each type of 
site. 
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4. Conclusions 
In the present study, the levels and spatial distributions of TN and TP, as well as their correlation with 
land use, was studied. We found that the geometric mean of TN is 753.84 mg/kg, and that of TP is 856.60 
mg/kg. Further, the distribution of TN levels is irregular: high values existed northwest of the center of 
Beijing, especially within the 3rd Ring Road, and low values were mainly concentrated in the west, south, 
and east of Beijing. The TP concentration in Beijing displayed a decreasing trend form the center of the 
city to its outskirts. TN concentrations at the various sampling sites followed the sequence CEA > CG > 
PGS > RSA > RA > BA, and TP concentrations followed the sequence CG > BA > RSA > RA > 
CEA >PGS. 
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Figure 5. TN and TP levels in the soil from the six types of sampling sites in Beijing. 
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4. Conclusions 
In the present study, the levels and spatial distributions of TN and TP, as well as their correlation with 
land use, was studied. We found that the geometric mean of TN is 753.84 mg/kg, and that of TP is 856.60 
mg/kg. Further, the distribution of TN levels is irregular: high values existed northwest of the center of 
Beijing, especially within the 3rd Ring Road, and low values were mainly concentrated in the west, south, 
and east of Beijing. The TP concentration in Beijing displayed a decreasing trend form the center of the 
city to its outskirts. TN concentrations at the various sampling sites followed the sequence CEA > CG > 
PGS > RSA > RA > BA, and TP concentrations followed the sequence CG > BA > RSA > RA > 
CEA >PGS. 
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